Introduction: Bariatric surgery is an effective treatment for morbid obesity and its metabolic related comorbidities. However, the literature reports inconsistent results regarding weight loss (WL) and the resolution of comorbidities associated with obesity. Objective: We aim to evaluate long-term differences in WL between different surgical techniques and the impact of each surgical technique on metabolic parameters (type 2 diabetes mellitus [T2DM], dyslipidemia, hypertension, and metabolic syndrome). We also aim to evaluate the effect of baseline clinical characteristics in WL and in the evolution of metabolic syndrome (MetS) components. Our hypothesis is that different types of surgery have different effects on WL and the prevalence of comorbidities over time. Methods: We retrospectively evaluated WL and metabolic parameter remission (T2DM, dyslipidemia, hypertension, and MetS) during 4 years in 1,837 morbidly obese patients (females, 85%; age, 42.5 ± 10.6 years; BMI, 44.0 ± 5.8) who underwent bariatric surgery (Roux-en-Y gastric bypass [RYGB], laparoscopic sleeve gastrectomy [LSG], and laparoscopic adjustable gastric band [LAGB]). Results: The mean percentage of WL for RYGB, LSG, and LAGB was, respectively, 32.9 ± 8.7, 29.8 ± 9.8, and 16.2 ± 9.6 at 12 months and 30.6 ± 9.1, 22.7 ± 10.0, and 15.8 ± 10.8 at 48 months (p < 0.001), even after adjustment for baseline weight, BMI, age, and sex (p < 0.001). Women had more WL during the first 36 months (p = 0.013 and 0.007 at 12 and 36 months, respectively) and older patients had less WL compared to younger ones (p < 0.001), except at 48 months. Patients with T2DM had less WL than those without diabetes after adjustment (sex, age, and surgical technique) during the same period. Patients with hypertension had less WL at 12 months (p = 0.009) and MetS at 24 months (p = 0.020) compared to those without these comorbidities. There was no significant difference regarding the presence of dyslipidemia in WL. The RYGB group showed better results for MetS resolution. Conclusion: During the 4-year follow-up, RYGB was the surgical procedure that caused the highest WL and MetS resolution.
Introduction
Obesity is an increasing health problem worldwide, the consequences of which are well recognized and include several comorbidities such as hypertension, type 2 diabetes mellitus (T2DM), and dyslipidemia.
Treatment options for obesity include lifestyle modifications, medications, and bariatric surgery (BS), with the last one being the most effective treatment [10] .
While BS is highly effective, the literature is scarce and there is controversy regarding the effects of each surgical technique on long-term weight loss (WL) after BS [3, 12, 14, 15] .
It is well known that BS also decreases the prevalence of obesity-related comorbidities, e.g., the improvement and remission of T2DM in individuals with obesity are substantially better after BS than after conventional medical therapy [20] , although the differential effect of RYGB, LSG, and LAGB on the long-term remission of metabolic syndrome (MetS) in unclear [21] .
We aim to evaluate long-term differences in WL between different surgical techniques and the impact of each surgical technique on metabolic parameters (diabetes, dyslipidemia, hypertension, and MetS). We also aim to evaluate the effect of baseline clinical characteristics in WL and in the evolution of MetS components. Our hypothesis is that different types of surgery have different effects on WL and the prevalence of comorbidities over time.
Methods

Study Design and Participants
We carried out a retrospective observational study on all morbidly obese patients submitted to BS -RYGB, LAGB, or LSG -between January 2010 and June 2016 in our Center. We evaluated the effect of BS in WL and on the evolution of metabolic parameters (diabetes, dyslipidemia, hypertension, and MetS). Data were collected from visits that occurred preoperatively and annually postoperatively during 4 years.
A total of 1,837 patients underwent BS during this time. All of the study participants had either a BMI > 40 or an obesity-related comorbidity and a BMI > 35, and all complied with a dietary plan for at least 12 months.
Clinical Parameters Evaluated
The following preoperative parameters were collected: age; sex; weight; BMI; waist circumference; hip circumferences (HC); blood pressure (BP); history of dyslipidemia, diabetes or hypertension; and type of BS performed (LAGB, RYGB, or LSG). WL and comorbidity remission over 4 years after the surgery were also evaluated.
We defined BMI as an individual's body weight (kg) divided by the square of their height (m). Excess WL (EWL) as a percentage during 4 years after the surgery was evaluated using the following formula: ([preoperative weight − current weight]/[preoperative weight -ideal weight to produce a BMI of 25]) × 100.
To define T2DM, we used the 2019 ADA guideline criteria, i.e., HbA1c ≥6.5%, fasting plasma glucose of 126 mg/dL, or 2-h postload plasmatic glucose ≥200 mg/dL during an OGTT. We also considered patients to have diabetes if they were under antidiabetic treatment. We deemed patients to be in diabetes remission if they had diabetes in year 0 and, during follow-up, did not meet any of the 2019 ADA guidelines criteria and were not under antidiabetic treatment. Hypertension was defined as a systolic BP (SBP) ≥140 or a diastolic BP (DBP) ≥90 mm Hg, or undergoing antihypertensive therapy. Dyslipidemia was defined as serum low-density lipoprotein (LDL) cholesterol ≥160 mg/dL, serum high-density lipoprotein (HDL) cholesterol < 40 mg/dL, or serum triglycerides ≥200 mg/dL, or being on lipid-lowering agents.
MetS was defined as the presence of central obesity (WC ≥94 cm in men or ≥80 cm in women) and at least 2 of the following criteria: fasting glucose ≥100 mg/dL (5.6 mmol/L) and/or T2DM; SBP ≥130 mm Hg, PAD ≥85 mm Hg, and/or specific treatment; triglycerides ≥150 mg/dL (1.7 mmol/L) and/or specific treatment; and HDL-C levels < 40 mg/dL (1 mmol/L) in men or < 50 mg/dL (1.3 mmol/L) in women and/or specific treatment, using International Diabetes Federation criteria.
Statistical Analysis
For comparison of baseline characteristics and variations in clinical and laboratory parameters according to the type of surgery, we carried out linear regression models and used logistic regression models which were unadjusted and adjusted for sex and age. For comparison of EWL and BMI after surgery, according to age group, sex, presence of diabetes, hypertension, dyslipidemia, and MetS, we used linear regression models which were unadjusted and adjusted for sex, age, and type of surgery. Results are presented as means ± SD for continuous variables and as percents for categorical variables. Statistical analyses were carried out using Stata software, version 14.1 (StataCorp). Two-sided p < 0.05 was considered statistically significant. The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request. Values are presented as means ± SD or percents. The total number of patients is 1,837. A1c, glycated hemoglobin. 
Results
Baseline Population Characteristics
Of the 1,837 patients under observation (59.9% submitted to RYGB, 25.4% to LSG, and 14.4% to LAGB), 85% were women with an average age of 42.5 ± 10.6 years ( Table 1 ). The mean initial BMI was 44.0 ± 5.8, the mean WC was 123.3 ± 13.4 cm, and the mean HC was 132.4 ± 11.6 cm; 29.7% of the patients had T2DM, 42.9% had dyslipidemia, 58.4% had hypertension, and 64.8% had MetS.
The female sex was predominant in all 3 groups but mainly in the RYGB group (p < 0.001) ( Table 2 ). The patients in the RYGB group were younger (p = 0.036) and they were the heaviest at baseline (p < 0.001), with a mean preoperative BMI of 44.3 for the RYGB group. For RYGB, Table 3 ). The differences were preserved in the subsequent years: the mean percent of total WL (TWL) for RYGB, LSG, and LAGB was 30.6 ± 9.1, 22.7 ± 10.0, and 15.8 ± 10.8 at 48 months, respectively (p < 0.001). The mean percent of EWL for RYGB, LSG, and LAGB was, respectively, 72.3 ± 22.1, 53.3 ± 23.8, and 38.0 ± 26.0 at 48 months (p < 0.001).
Older patients had less WL (p < 0.001), except at 48 months (Table 4 ), when the difference was not statistically significant (p = 0.102). For example, during the first year, patients older than 50 years lost 61.1 ± 26.7% of EWL versus 71.4 ± 26.0% of EWL for those aged between 40 and 50 years versus 76.5 ± 26.0% of EWL in those younger than 40 years. Women had more WL during the first 36 months (p = 0.013, 0.001, and 0.007 at 12, 24, and 36 months respectively). Patients with T2DM had less WL than those without T2DM after adjustment (for sex, age, and surgical technique) during the first 36 months (65.9 ±24.6 vs. 73.5 ± 27.4, 63.9 ± 25.8 vs. 73.2 ± 27.9, and 59.3 ± 26.7 vs. 67.9 ± 29.9; p = 0.031, 0.001, and 0.007 at 12, 24, and 36 months, respectively), as did those with hypertension at 12 months (p = 0.009) and those with MetS at 24 months (p = 0.020), compared to those without these comorbidities. There was no statistically significant difference in the presence of dyslipidemia. Patients with remission of T2DM during follow-up had a greater WL (adjusted analysis: difference between patients with diabetes remission vs. without remission: year 1: 4.3 ± 1.1, p < 0.05; year 2: 3.9 ± 1.3, p = 0.004; year 3: 3.7 ± 1.5, p = 0.013; and year 4: 2.4 ± 1.7, p = 0.167) and BMI decrease (adjusted analysis: difference between patients with diabetes remission vs. without remission: year 1: 1.4 ± 0.4, p < 0.05; year 2: 1.5 ± 0.5, p = 0.003; year 3: 1.5 ± 0.5, p = 0.007, and year 4: 1.0 ± 0.6, p = 0.123) during the first 3 years of follow-up. The differences in WL between patients with and without T2DM were also significant when analyzed by least square differences (year 1: -2. . During the follow-up, there was a significant association between BMI loss and age. The presence of dyslipidemia also influenced BMI loss but only at 36 months (Table 5 ). 
Impact on Metabolic Parameters
The decreases in HbA1c were consistent over the first 2 years in RYGB and LSG (Table 6) , with reductions of 0.6 ± 1.0 and 0.5 ± 0.6%, respectively, and during all of the years in the LAGB group, with reductions of 0.4 ± 0.7%. In year 4, the HbA1c reduction was similar between groups (p = 0.654). WC and HC reductions were consistently higher in the RYGB group (p < Values are presented as means ± SD and are adjusted for gender and age. A1c, glycated hemoglobin. 0.001), as was BP reduction; however, SBP was only reduced after year 1 and DBP was only reduced after the first 2 years. LDL reduction was also higher in the RYGB group over 4 years (p < 0.001) and TG reduction occurred in the first three years (p < 0.001, 0.014, and 0.022 for 12, 24, and 36 months, respectively). The HDL increase was higher in this same group after the first year (p < 0.001 for 24 and 36 months; p < 0.014 for 48 months). RYGB (Table 7 ) was the surgical procedure that caused the highest clinical remission of diabetes (p < 0.001 for the first 3 years; p = 0.005 for year 4), hypertension (p < 0.001 for the first 3 years; p = 0.003 for year 4), dyslipidemia (p < 0.001 for all years), and MetS (p < 0.001 for all years).
Discussion
This analysis reinforces the observation that BS is an effective procedure for WL in cases of morbid obesity, resulting in a greater loss during the first year after surgery. Over time, the effectiveness of the procedures is attenuated, especially with LSG. There was an improvement in MetS parameters with all of the techniques, but the improvement was even greater with RYGB.
In this study, a mean EWL of approximately 78% in the RYGB group was achieved, as well as rates of 73% in the LSG group and 39% in the LAGB group at 12 months postoperatively and 72.3, 53.3, and 38% at 48 months, respectively. A recent study [13] , with a similar design but a smaller sample, reported a WL similar to that in our study in patients who were subject to RYGB and LSG regarding TWL and total percent of TWL, but an incidence of less percent of EWL. This was probably because the patients in our study were heavier, and patients with a higher baseline weight have less robust WL as a result of this technique [32] .
Regarding the difference between WL with surgical techniques, studies comparing LGS and RYGB show conflicting results, although they usually demonstrate comparable or slightly greater WL with RYGB [4, 5, 18, 31] . In our cohort, a significantly greater WL in all parameters (TWL, percent of TWL, and percent of EWL) with RYGB was observed. Significant differences between WC and HC reduction were also observed, which showed a positive effect of RYGB at all times. There is a consensus in most studies regarding the inferiority of the effectiveness of LABG [6, 16] .
Several studies have demonstrated a significant WL during the first 12 months, followed by a modest one [32] . In our cohort, patients in all groups also registered a clear weight regain over time, mostly in patients in the LSG group. Some studies with longer follow-up periods comparing LSG with RYGB have also suggested that patients who undergo the former technique experience a greater weight regain [8, 11, 29, 30] .
Markers of comorbidities in our cohort generally showed a positive effect of RYGB, specifically with significantly improved LDL and HDL for all years. Similarly, previous studies have reported a more beneficial effect on lipid metabolism with RYGB [17] , even when matched for baseline BMI and EWL [7] . The proposed mechanisms for these improvements are WL, reduced central obesity, and a change in incretins [22] .
SBP decreased similarity with all techniques; however, DBP in the RYGB group decreased more than other groups at 1 and 4 years (with adjustment for sex and age), with the mean percentage of patients labeled as having hypertension being more significantly reduced in the RYGB group. A similar BP reduction had already been reported in previous studies when comparing RYGB and LSG [13] , but with some differences, thus favoring RYGB. The majority of studies indicate that RYGB or LSG is superior when compared to LAGB procedures with regard to the resolution of hypertension [23] . However, in our cohort, as the prevalence of hypertension was different among groups, it was difficult to determine the superiority in this aspect. Several studies comparing RYGB and LSG with regard to T2DM remission show better results with RYGB [19, 28] . In our study, RYGB also showed superiority over LSG in glucose metabolism, which was perhaps influenced by a greater WL. However, the results are conflicting, as some studies show similar results between both techniques [25] . Data regarding HbA1C evolution after surgery must be interpreted with caution, as antidiabetic medications can also influence WL.
Older patients had less WL (p < 0.001), except at 48 months (p = 0.102). It has been reported that patients older than 45 years lose a smaller amount of excess BMI than younger patients do. The former could suffer from impaired metabolic capacity and a longer duration of comorbidities, which could have influenced these results [9] .
The decreases in EWL were more prevalent in women than in men during the first 3 years; however, the reduction of BMI was similar, perhaps due to the fact that women had a lower initial weight. Previous reports have shown conflicting results, with some reporting a slightly greater degree of WL in males [24] and others in females [2] , and others reporting no significant differences [1, 24] . The male sample size was smaller than the female one, which may have influenced the results.
Our data suggests that WL in diabetic patients is inferior to that in nondiabetics -as demonstrated previously [26] . A possible explanation for this may be certain metabolic differences between both groups. Patients with remission of T2DM during follow-up had a greater WL and BMI decrease during the first 3 years of follow-up. We can thus speculate that this association is due to the fact that the remission of diabetes that occurs in patients undergoing this type of surgery is higher in those with the greatest WL -as previously suggested in other studies [27] .
Patients with hypertension had less WL at 12 months (p = 0.009) and those with MetS had less at 24 months (p = 0.020). As far as we know, this is the first study to evaluate the impact of these comorbidities on WL. This divergence may be due to differences in their initial weight, the drugs they used, and other unanalyzed variables. The lack of a difference in WL between groups for some variables over time is probably due to the reduction of the sample size over the years.
The main strength of this study is the large number of subjects, who were consecutively selected at one center and included patients who had undergone 3 different surgical techniques (malabsorptive and restrictive procedures). Furthermore, to our knowledge, this is the first study to focus on the impact of obesity comorbidities on WL, which adds new data to the study of the benefits of different techniques on the various metabolic parameters.
There are some limitations to our study, such as the incomplete data and the retrospective nature of our project. With regard to patients with T2DM, the type of antidiabetic medications before and after surgery was not included in the analysis. In addition, only 25.7% of the total patients experienced 4 years of follow-up in our study. The patients who remained in this study were the heavier ones, which may have led to underestimation of the results (as most of those who remained in the group had been submitted to the LAGB). Another potential limitation in the interpretation of these results is the inequality of the 3 groups -an example being a higher baseline weight in LSG. Previous analyses have shown that a lower preoperative weight predicts a lower EWL, which can strengthen a superior WL with RYGB relative to LSG.
Regarding research on this matter, our study had a larger population than other series, and it included patients who underwent 3 different surgical techniques (malabsorptive and restrictive procedures), which can lead to some of the above mentioned limitations being compensated for.
Although the benefits demonstrated by the use of RYGB in resolving comorbidities may have been partly due to its greater WL, our main objective was to describe the impact of different techniques on the various metabolic aspects in a large sample of patients in a center of high differentiation.
Additional studies are needed to provide clearer answers regarding long-term weight maintenance and the resolution of comorbidities after experiencing these 3 procedures.
Conclusion
RYGB showed the largest percent of WL during 4 years of follow-up and it provided more effective outcomes with regard to obesity-related comorbidities. LSG is also an effective BS; however, it is less effective than the former. The application of a gastric band is less effective and should only be used in very specific situations.
